Functional magnetic resonance imaging (fMRI) was used to compare brain activation to static facial displays versus dynamic changes in facial identity or emotional expression. Static images depicted prototypical fearful, angry and neutral expressions. Identity morphs depicted identity changes from one person to another, always with neutral expressions. Emotion morphs depicted expression changes from neutral to fear or anger, creating the illusion that the actor was 'getting scared' or 'getting angry' in real-time. Brain regions implicated in processing facial affect, including the amygdala and fusiform gyrus, showed greater responses to dynamic versus static emotional expressions, especially for fear. Identity morphs activated a dorsal fronto-cingulo-parietal circuit and additional ventral areas, including the amygdala, that also responded to the emotion morphs. Activity in the superior temporal sulcus discriminated emotion morphs from identity morphs, extending its known role in processing biologically relevant motion. The results highlight the importance of temporal cues in the neural coding of facial displays.
Introduction
A n important function of facial expression is the social communication of changes in affective states. The dynamic perception of expressive features likely recruits specialized processing resources to direct appropriate actions in response to observed sequences in facial motion. Such dynamic information may be integral to the mental representation of faces (Freyd, 1987) .
Behavioral studies have shown that humans are sensitive to temporal cues in facial displays. For example, subjects can temporally order scrambled sequences of videotaped emotional reactions, even when consecutive frames contain subtle transitions in facial expression (Edwards, 1998) . In fact, performance improves under time constraints, suggesting that the extraction of dynamic features in facial expression occurs relatively automatically. In other circumstances, dynamic information contributes to face recognition abilities (Christie and Bruce, 1998; Lander et al., 1999) and judgements of facial affect (Bassili, 1978 (Bassili, , 1979 Kamachi et al., 2001) and identity (Seamon, 1982; Hill and Johnston, 2001 ; Thornton and Kourtzi, 2002) . As with other aspects of emotional perception, identification of expression changes may exhibit mood-congruent biases. Niedenthal and colleagues (Niedenthal et al., 2000) showed that participants induced into a sad or happy mood take longer than controls to detect a change in morphed expressions that slowly decrease in intensity of displayed sadness or happiness, respectively.
Motion cues may also dissociate perceptual abilities in patients with neurologic and developmental disorders. Humphreys et al. (Humphreys et al., 1993) reported a double dissociation in two patients relative to performance on facial affect and identity tasks. Prosopagnosic patient H.J.A., who sustained ventral occipitotemporal damage, had difficulties with both facial identity and expression judgements using static photographs. However, his performance improved when asked to categorize facial expressions using moving point-light displays. On the other hand, patient G.K., who sustained bilateral parietal lobe damage, had relatively good performance on facial identity tasks but was impaired at facial affect recognition using either static or dynamic cues. Children with psychopathic tendencies also present with selective impairments in identif ying emotion from cinematic displays of slowly morphing expressions (Blair et al., 2001) . In contrast, autistic children may benefit from slow dynamic information when categorizing emotional expressions (Gepner et al., 2001) . This latter finding differs from other autistic deficits on motion-processing tasks that require faster temporal integration, including lip reading (de Gelder et al., 1991; Spencer et al., 2000) . Finally, the perception of biological motion in Williams syndrome is spared relative to other aspects of motion perception and visuomotor integration (Jordan et al., 2002) .
The neural substrates that mediate dynamic perception of emotional facial expressions are unknown. Previous neuroimaging studies have been limited to posed snapshots that lack temporal cues inherent in everyday socioemotional interactions. These studies have emphasized categor y-specific representations in the amygdala and associated frontolimbic structures by comparing responses to faces portraying basic emotions [e.g. (Breiter et al., 1996; Morris et al., 1996; Phillips et al., 1997 Phillips et al., , 1998 Sprengylmeyer et al., 1997; Whalen et al., 1998 Whalen et al., , 2001 Blair et al., 1999; Kesler-West et al., 2001) ]. A separate line of research has revealed brain regions responsive to biological motion, including movement of face parts, but the role of emotion has been largely untested. Shifts of eye gaze, mouth movements and ambulation videos using animation or point-light displays elicit activity in the superior temporal sulcus and anatomically related areas [reviewed in Allison et al. (Allison et al., 2000) ]. Some of these regions, such as the amygdala (Bonda et al., 1996; Kawashima et al., 1999) , also participate in facial affect recognition, suggesting a potential link between dorsal stream processing of biological motion and ventral stream processing of emotional salience.
The present study was designed to integrate these literatures by investigating perception of negative affect using facial stimuli that varied in their dynamic properties. Prototypical expressions of fear and anger were morphed with neutral expressions of the same actors to form the impression that the actors were becoming scared or angry in real-time (Fig. 1) . fMRI activation to the emotion morphs was contrasted with the static expressions. In addition, identity morphs were created that blended facial identities across pairs of actors with neutral expressions. This condition was included to evaluate the specificity of the results with respect to changes in facial affect versus identity, and to dissociate the signaling of biologically plausible from implausible motion. Hypothesis about four brain regions were made a priori:
1. The amygdala would preferentially respond to fear stimuli relative to the other categories and would show greater activation to fear morphs than static fear images. 2. The fusiform gyrus would respond to all stimuli but would show a similar bias as the amygdala, given the neuromodulator y inf luence of the amygdala on face processing along the ventral visual stream Pessoa et al., 2002) . 3. The superior temporal sulcus would discriminate emotion from identity morphs, since only the emotion morphs are biologically plausible. 4. Visual area V5/MT+ would respond to all dynamic stimuli indiscriminately, given its sensitivity to visual motion cues (Tootell et al., 1995; Huk et al., 2002) and its sparser connectivity with the amygdala relative to rostroventral sectors of the visual stream (Amaral et al., 1992) .
Materials and Methods

Subjects
Twelve healthy adults provided written informed consent to participate in the study. Two of these subjects were dropped due to excessive head movement (center-of-mass motion estimates >3.75 mm in x, y or z planes). The remaining 10 participants (five male, five female; age range = 21-30 years) were included in the statistical analysis. All participants were right-handed and were screened for histor y of neurologic and psychiatric illness and substance abuse. Procedures for human subjects were approved by the Institutional Review Board at Duke University.
Stimulus Development
Facial affect stimuli that are panculturally representative of basic emotions were taken from the Ekman series (Ekman and Friesen, 1976; Matsumoto and Ekman, 1989) . Prototypical expressions of fear and anger were morphed with neutral expressions of the same actor to create the dynamic emotional stimuli. The expression change depicted in the morph always portrayed increasing emotional intensity (i.e. from neutral to 100% fear, or neutral to 100% anger). In addition, pairs of actors with neutral expressions were morphed to create dynamic changes in identity. Identity morphs always combined pairs of actors of the same gender and ethnicity. All actors in the emotion morphs were included in the identity morphs, and all actors in the static images were included in the dynamic stimuli. A subset of actors portrayed both fear and anger. Emotion morphs were used instead of videotaped expressions to allow experimental control over the rate and duration of the changes, as in previous studies [e.g. (Niedenthal et al., 2000) ]. Morphs were created using MorphMan 2000 software (STOIK, Moscow, Russia). All faces were initially cropped with an ovoid mask to exclude extraneous cues (hair, ears, neckline, etc.) . The images were then normalized for luminance and contrast and presented against a mid-gray background. Approximately 150 fiducial markers were placed on each digital source image in the morph pair and individually matched by computer mouse to corresponding points on the target image. Areas of the face relevant for perceiving changes in identity and expression, such as the eyes, mouth, and corrogator and obicularis oculi muscles were densely sampled (Ekman and Friesen, 1978; Bassili, 1979) . All expressions were posed with full frontal orientations (i.e. there were no changes in viewpoint either across or within morphs). Morphs were presented at a rate of 30 frames/s, consistent with previous studies (Thornton and Kourtzi, 2002) . Forty-three frames were interpolated between the morph end points to provide smooth transitions across a 1500 ms duration. The final morph frame was presented for 200 ms for a total stimulus duration of 1700 ms. This duration approximates real-time changes of facial affect using videotaped expressions (Gepner et al., 2001) . Morphs were saved in .avi format and displayed as movie clips. Static displays of 100% fear, 100% anger, and neutral expressions were taken from the first and last frames of the emotion and identity morph movies and were presented for the same total duration as the morphs. Figure 1 illustrates four frames of a neutral-to-fear morph. Complete examples of neutral-to-anger and identity morph movies can be found at http://w w w.mind.duke.edu/level2/faculty/labar/face_morphs.htm.
Experimental Design
Participants viewed 36 unique exemplars of each of four stimulus categories -static neutral, static emotional, dynamic neutral (identity morph), dynamic emotional (emotion morph). Half of the emotional stimuli represented fear and half represented anger. Each exemplar was presented twice during the course of the experiment (total 72 stimuli of each category). Stimuli were presented in a pseudorandom event-related design, subject to the constraint that no more than two exemplars of each category were presented in a row to avoid mood induction effects. Faces were separated by a central fixation cross. The intertrial interval varied between 12 and 15 s (mean 13.5 s) to allow hemodynamic and psychophysiological responses to return to baseline levels between stimulus presentations (Fig. 1) . The testing session was divided into eight runs of 8 min 24 s duration. Run order was counterbalanced across participants, and no stimuli were repeated within each half-session of five runs. Stimulus presentation was controlled by CIGAL software (Voy vodic, 1999) modified in-house to present video animations. Participants performed a three-alternative forced-choice categorical judgement in response to each face. Specifically, they used a three-button response box to indicate whether each face depicted an emotion morph (change in emotional expression), identity morph (change from one person to another), or static picture (no changes). Participants were told to respond whenever they could identif y the category; speed of response was not emphasized. One example of each categor y was shown to the participants prior to entering the magnet to familiarize them with the stimuli.
Imaging Parameters and Data Analysis
MR images were acquired on a 1.5 T General Electric Signa N Vi scanner (Milwaukee, WI) equipped with 41 mT/m gradients. The subject's head was immobilized using a vacuum cushion and tape. The anterior (AC) and posterior commissures (PC) were identified in the mid-sagittal slice of a localizer series. Thirty-four contiguous slices were prescribed parallel to the AC-PC plane for high-resolution T 1 -weighted structural images [repetition time (T R ) = 450 ms, echo time (T E ) = 20 ms, field-of-view (FOV) = 24 cm, matrix = 256 2 , slice thickness = 3.75 mm]. An additional series of T 1 -weighted structural images oriented perpendicular to the AC-PC were also acquired using the parameters specified above. Gradient echo echoplanar images sensitive to blood-oxygenation-leveldependent (BOLD) contrast were subsequently collected in the same transaxial plane as the initial set of T 1 -weighted structural images (T R = 3 s, T E = 40 ms, FOV = 24 cm, matrix = 64 2 , f lip angle = 90°, slice thickness = 3.75 mm, resulting in 3.75 mm 3 isotropic voxels). The fMRI data analysis utilized a voxel-based approach implemented in SPM99 (Wellcome Department of Cognitive Neurology, London, UK). Functional images were temporally adjusted for interleaved slice acquisition and realigned to the image taken proximate to the anatomic study using affine transformation routines. The realigned scans were coregistered to the anatomic scan obtained within each session and normalized to SPM's template image, which conforms to the Montreal Neurologic Institute's standardized brain space and closely approximates Talairach and Tournoux's (Talairach and Tournoux, 1988) stereotaxic atlas. The functional data were high-pass filtered and spatially smoothed with a 8 mm isotropic Gaussian kernel prior to statistical analysis. The regressors for the time-series data were convolved with a canonical hemodynamic response profile and its temporal derivative as implemented in SPM99. Statistical contrasts were set up using a random-effects model to calculate signal differences between the conditions of interest. Statistical parametric maps were derived by applying linear contrasts to the parameter estimates for the events of interest, resulting in a t-statistic for every voxel. Then, group averages were calculated by employing pairwise t-tests on the resulting contrast images. This sequential approach accounts for intersubject variability and permits generalization to the population at large. Interaction terms were analyzed in subsequent pairwise t-tests after the main effect maps were calculated to avoid false positive activations from the baseline period in the control conditions. The resultant statistical parametric maps were thresholded at a voxelwise uncorrected P < 0.001 and a spatial extent of five contiguous voxels.
Results
The experimental hypotheses were primarily targeted at simple effects, which are emphasized below. Additionally, a general emotion × motion interaction analysis was conducted as well as a main effects analysis for the motion variable to examine the role of visual area MT+.
fMRI Activation to Emotion Morphs
Compared to static emotional expressions, emotion morphs elicited responses along a bilateral frontotemporal circuit, including ventrolateral prefrontal cortex, substantia innominata, amygdala, parahippocampal gyrus, and fusiform gyrus ( Fig. 2 and Table 1 ). The activations in this contrast were predominantly restricted to ventral brain regions, with some additional dorsal activity in the dorsomedial prefrontal cortex, left precentral sulcus, right intraparietal sulcus, and putative visual motion area MT+. This contrast reveals brain regions whose responses were enhanced by dynamic changes in negative facial affect over and above their responses to the same expressions presented statically.
The above analysis combined fear and anger expressions. Nearly identical patterns were found when the fear morphs were selectively compared against static fear images ( Table 2 ). The brain regions whose responses differentiated anger morphs from static anger expressions were somewhat more restricted to a subset of those in the combined analysis (Table 2 ). When the fear and anger morphs were directly contrasted against each other, categor y-specific activations were revealed. Relative to anger morphs, fear morphs preferentially engaged the lateral and dorsomedial prefrontal cortex, amygdala, midbrain, parahippocampal gyrus, fusiform gyrus, and posterior cingulate gyrus. An additional site of activation within the posterior superior temporal sulcus was found at a less stringent statistical threshold ( Fig. 2 and Table 3 ). Many of these activations were lateralized to the right hemisphere. Relative to fear morphs, anger morphs preferentially engaged a region of ventrolateral prefrontal cortex and supramarginal gyrus ( Fig. 2 and Table 3 ).
fMRI Activation to Identity Morphs
Relative to static neutral expressions, identity morphs elicited responses along both dorsal and ventral processing streams ( Fig. 2 and Table 4 ). The dorsal circuit included the dorsomedial prefrontal cortex, precentral sulcus, intraparietal sulcus, caudate nucleus, thalamus and visual area MT+. The ventral regions included the inferior frontal gyrus, amygdala, and fusiform gyrus. Most of the activations were bilateral.
Direct comparisons revealed brain regions that selectively coded changes in facial affect versus changes in facial identity ( Fig. 2 and Table 5 ). For these comparisons, fear and anger morphs were combined. Relative to the emotion morphs, identity morphs elicited greater responses in predominantly dorsal regions (dorsal anterior cingulate gyrus, dorsal inferior frontal gyrus, intraparietal sulcus, caudate nucleus), and a large, ventrolateral region of the temporal lobe (inferior temporal/ posterior fusiform gyri). Relative to the identity morphs, emotion morphs elicited greater responses in ventral anterior cingulate gyrus and ventromedial prefrontal cortex, middle frontal gyrus (rostral area 8), medial fusiform gyrus, and both anterior and posterior segments of the superior temporal sulcus. These latter brain regions may form a circuit that distinguishes biologically relevant and plausible motion from other types of motion.
Emotion × Motion Interaction
A formal analysis was conducted to determine which brain regions showed an interaction between the emotion and motion factors in the experimental design (Table 6) . A doublesubtraction procedure was employed to compare the magnitude of the motion effect (dynamic versus static) across the facial expression categories (emotional versus neutral). For this analysis, fear and anger expressions were combined. Brain (green) . T values are thresholded and truncated at T = 2.5 for illustration purposes. Note that emotion morphs and identity morphs engage different sectors within frontal, temporal and cingulate cortices. Abbreviations: ACG = anterior cingulate gyrus, AMY = amygdala, aSTS = anterior superior temporal sulcus, dmPFC = dorsomedial prefrontal cortex, FFG = fusiform gyrus, IFG = inferior frontal gyrus, IPS = intraparietal sulcus, ITG = inferior temporal gyrus, MFG = middle frontal gyrus, MT = motion-sensitive area of middle temporal gyrus, PCG = posterior cingulate gyrus, pSTS = posterior superior temporal sulcus, SI = substantia innominata, SMG = supramarginal gyrus, Th = thalamus.
regions that were more sensitive to motion within the emotional expressions (compared to the neutral expressions) included the fusiform gyrus, anterior cingulate gyrus/ventromedial prefrontal cortex, the superior temporal gyrus and middle frontal gyrus. Brain regions that were more sensitive to motion within the neutral expressions (compared to the emotional expressions) included the inferior temporal gyrus/posterior fusiform gyrus, intraparietal sulcus, basal ganglia, dorsal anterior cingulate gyrus and lateral inferior frontal gyrus. These results are nearly identical to the activations shown in the simple effects analysis where the emotion morphs and identity morphs were directly contrasted against each other (Fig. 2 and Table 5 ).
Main Effect of Motion
Brain regions sensitive to facial motion cues across emotional expression and identity changes were identified by a main effects analysis (Table 7) . For this analysis, fear and anger expressions were combined. The results showed significant motion-related activity in six brain regions: visual area MT+, amygdala, inferior frontal gyrus, dorsomedial prefrontal cortex, intraparietal sulcus and caudate nucleus. All activations were bilateral except the caudate nucleus, which was left-sided.
Behavioral Results
A within-subjects A NOVA computed on behavioral accuracy data revealed a significant interaction between factors of emotion (fear, anger, neutral) and motion (dynamic, static), F(2,18) = 14.68, P < 0.001. Main effects of emotion [F(2,18) = 11.65, P < 0.001] and motion [F(2,18) = 48.69, P < 0.0001] were also found. Overall, participants were more accurate in identif ying static images than dynamic images. Post hoc t-tests showed that across the static images, accuracy for anger (96 ± 1%) was worse than that for fear (98 ± 1%) or neutral (98 ± 1%) expressions, which did not significantly differ from each other. However, these data are potentially confounded by ceiling effects. Across the dynamic images, accuracy was worse for identity morphs (38 ± 4%) than either anger (64 ± 8%) or fear (63 ± 8%) morphs, which did not significantly differ from each other. Behavioral Accuracy and Brain Activation Inspection of individual subject data revealed that 6 of the 10 participants were less accurate in their recognition judgements of the identity morphs relative to the emotion morphs. We conducted a post hoc analysis of the identity morph versus emotion morph contrast (Table 5 and Fig. 2 ) to determine any potential inf luence of behavioral accuracy on the statistical parametric maps. Participants were subdivided into two groups based on behavioral performance -those for whom accuracy was equated across the morph categories (n = 4) and those for whom accuracy was worse for the identity morphs (n = 6).
Because of the small sample sizes, we used both conservative (P < 0.001 uncorrected) and liberal (P < 0.05 uncorrected) threshold criteria for determining statistical significance in the identity morph versus emotion morph contrasts from each subgroup. A t-test was then computed across groups and thresholded at P < 0.001 uncorrected. The only brain region that showed differential activation in the identity morph versus emotion morph contrast as a function of behavioral accuracy was the right inferior frontal gyrus (BA 44). This area was more engaged to the identity morphs by the group with poorer performance, perhaps ref lecting cognitive effort. However, this brain region emerged only at the more liberal statistical cutoff.
Discussion
Generating emotional expressions requires sequenced movements of facial muscles, which have long been identified psychophysiologically (Ekman and Friesen, 1978; Bassili, 1978 Bassili, , 1979 . Voluntary (or unintended) perturbations of characteristic movements or timing in facial expression can significantly alter their meaning from the perspective of an obser ver (Hess and Kleck, 1997) . This has been documented in the distinction between genuine and false smiles (Ekman and Friesen, 1982 ). The present study shows that specific regions of the brain are sensitive to the perception of f luid changes in physiognomy relevant for the social signaling of changes in affective states. These brain regions preferentially signal real-time increases in facial affect intensity over static, canonical displays of the same emotions. Some of the brain regions selectively responded to perceived changes in fear or anger, whereas others more generally distinguished facial expression changes from facial identity changes induced by stimulus morphing. The functional implications of the findings are discussed relative to the known anatomy of facial affect and biological motion perception.
Role of the Amygdala
The amygdala has been a focus of investigation in facial affect perception, yet its exact function remains debated. Several neuroimaging studies have reported amygdala activation to fearful faces (Breiter et al., 1996; Phillips et al., 1997 Phillips et al., , 1998 Whalen et al., 1998 Whalen et al., , 2001 ), but others have failed to replicate these results (Sprengylmeyer et al., 1997; Kesler-West et al., 2001; Pine et al., 2001) . The amygdala's response to fearful faces may be enhanced when the expression is caricatured (Morris et al., 1996 , under conditions of full attention [ (Pessoa et al., 2002) ; but see (Vuilleumier et al., 2001) ], or when judgements involve the simultaneous presentation of multiple face exemplars (Hariri et al., 2000; Vuilleumier et al., 2001) . Whereas some studies show fear specificity (Morris et al., 1996 Phillips et al., 1997 Phillips et al., , 1998 Whalen et al., 1998 Whalen et al., , 2001 , others report generalization to other emotion categories, including happiness (Breiter et al., 1996; Kesler-West et al., 2001; Canli et al., 2002; Pessoa et al., 2002) . Amygdala activation to faces further varies across subjects according to social (Hart et al., 2000; Phelps et al., 2000) , personality (Canli et al., 2002) and genetic (Hariri et al., 2002) factors. All of these studies presented posed facial displays devoid of temporal cues integral to real-life social exchanges. In the present study, we have shown that the amygdala's activity is enhanced by faces containing dynamic information relative to static snapshots of the same faces. Consistent with our hypotheses, the amygdala responded more to emotion morphs than to static emotional faces, especially for fearful expressions. Direct comparisons showed a specificity for fear over anger in the dynamic morphs but not in the static images. The category specificity in amygdala processing of dynamic facial displays cannot be attributed to other potential confounding features across the faces. Facial identity was the same across the dynamic and static images, and the morphing procedure allowed experimental control over the rate, intensity, duration and spatial orientation of the expression changes. Dynamic stimuli may be more effective in engaging the amygdala during face perception tasks and can potentially clarif y the extent to which its responses exhibit category specificity.
Surprisingly, the amygdala also responded to dynamic changes in facial identity that were emotionally neutral. The intensity of amygdala activation to identity morphs was indistinguishable from that to the emotion morphs, even when the analyses were restricted to fear. We speculate that morphed stimuli containing rapid, artificial changes in facial identity elicit amygdala activity due to their threat or novelty value. In evolution, camouf lage and other means of disguising identity have been effectively employed as deception devices in predator-prey interactions (Mitchell, 1993) . It is possible that rapid changes in identity are interpreted by the amygdala as potentially threatening and consequently engage the body's natural defense reactions. A lternatively, the amygdala may play a broader role in the perception of facial motion beyond that involved in emotional expression. The amygdala is known to participate in eye gaze and body movement perception (Brothers et al., 1990) , even when the stimuli have no apparent emotional content (Young et al., 1995; Bonda et al., 1996; Kawashima et al., 1999) . This account, though, does not explain why the amygdala activation was stronger for fear and identity morphs relative to anger morphs.
Parametric studies have indicated that the amygdala codes the intensity of fear on an expressor's face [ (Morris et al., 1996 ; but see (Phillips et al., 1997) ]. However, it is not clear whether intense emotional expressions recruit amygdala processing because of perceptual, experiential or cognitive factors. Most imaging studies on facial affect perception have used blocked-design protocols that further complicate interpretation of results in this regard. The application of dynamic stimuli may help distinguish between these potential underlying mechanisms. In the present study, the emotion on the actor's face did not reach full intensity until the last frame of each morph movie, whereas full intensity was continuously expressed in the static images. Thus, the intensity of expressed emotion in the morphs was, on average, only half of that portrayed in the static displays. If the amygdala simply codes the perceived intensity of fear in the expressor's face, one would expect more activation for the static than dynamic stimuli. The statistical parametric maps do not support this interpretation. A lternatively, the amygdala's response may shift in latency to the time point at which full intensity was expressed. The temporal resolution of fMRI may be insufficient to reveal this possibility.
Neural processing in the amygdala may relate to abstract or cognitive representations of fear (Phelps et al., 2001) . Previous studies have demonstrated that the amygdala's response to sensory stimuli depends upon contextual cues and evaluative processes. For instance, amygdala activity to facial expressions increases in a mood-congruent fashion (Schneider et al., 1997) , and amygdala activation to neutral faces is greater in social phobics, who may interpret these stimuli as threatening (Birbaumer et al., 1998) . The amygdala is also engaged by neutral stimuli that signal possible or impending threatening events, as in fear conditioning LaBar et al., 1998) and anticipatory anxiety (Phelps et al., 2001) . Rapid changes in fear intensity (and perhaps facial identity) may indicate an imminent source of threat in the environment, which recruits amygdala activity as a trigger for the defense/vigilance system (Whalen, 1998; Fendt and Fanselow, 1999; LaBar and LeDoux, 2001 ). Further work is needed to elucidate the contributions of the amygdala to perceptual, experiential and cognitive aspects of fear.
The present results may partly explain why patients with amygdala lesions often exhibit deficits in judging the intensity of fear in facial displays. These patients sometimes have sufficient semantic knowledge to label fear, but they typically underestimate the degree of fear expressed in posed displays [(Adolphs et al., 1994; Young et al., 1995; Calder et al., 1996; Broks et al., 1998; Anderson et al., 2000; Anderson and Phelps, 2000) ; but see (Hamann et al., 1996) ]. Fear recognition tasks require perceptual judgements of the extent of physiognomic change in the face relative to less fearful states and/or a canonical template of fear. If the amygdala codes dynamic cues in facial displays, these patients may have difficulty using kinetic information in face snapshots to make intensity judgements without additional contextual cues. Cognitive or experiential aspects of fear may also contribute to performance on recognition tasks. Testing amygdala-lesioned patients with dynamic stimuli may help determine the specific mechanism underlying their deficit and could potentially reduce the variability in performance across individual patients (Adolphs et al., 1999) .
Role of the Superior Temporal Sulcus (STS) and Associated Regions
Electrophysiological and brain imaging studies in humans and monkeys have implicated the cortex in and surrounding the banks of the STS in the social perception of biological motion [reviewed in Allison et al. (A llison et al., 2000) ]. Biological motion associated with eye gaze direction (Puce et al., 1998; Wicker et al., 1998; Hoffman and Haxby, 2000) , mouth movements (Calvert et al., 1997; Puce et al., 1998; Campbell et al., 2001) , and hand and body action sequences (Bonda et al., 1996; Howard et al., 1996; Grèzes et al., 1998; Neville et al., 1998; Grossman et al., 2000) engage the STS, particularly in its mid-to-posterior aspect. The present study extends the known role of the STS to the perception of dynamic changes in facial expression. The posterior aspect of the STS region responsive to the emotion morphs overlaps with the areas implicated in these previous studies. Activity of STS neurons in monkeys is evoked by static pictures of grimaces, yawns, threat displays and other expressions relevant for socioemotional interactions with conspecifics (Perrett et al., 1985 (Perrett et al., , 1992 Hasselmo et al., 1989; Brothers and R ing, 1993) . These images potentially recruit neural processing in the monkey STS because of implied motion in the expressions (Freyd, 1987; Allison et al., 2000; Kourtzi and Kanwisher, 2000; Senior et al., 2000) . This may also explain why the STS was not activated in the emotion morph versus static emotion contrasts.
Interestingly, the STS preferentially signaled dynamic changes in facial expression relative to dynamic changes in facial identity. Given that rapid changes in facial identity do not exist in the physical world, this result supports the hypothesis that the STS distinguishes biologically plausible from biologically implausible or non-biological motion (Allison et al., 2000) . In this regard, the STS is dissociated from visual motion area V5/MT+, which is situated just posterior and ventral to the banks of the STS (Zeki et al., 1991; McCarthy et al., 1995; Tootell et al., 1995; Dumoulin et al., 2000; Kourtzi and Kanwisher, 2000; Huk et al., 2002) . As predicted, area MT+ was activated by all dynamic stimuli and did not prefer emotion over identity morphs. To our knowledge, this is the first demonstration of responses in area MT+ to dynamic facial expressions in humans. Differential STS processing of emotion morphs may alternatively relate to specific aspects of facial motion present in these stimuli. At a more relaxed statistical criterion, the posterior STS did discriminate fear from anger morphs, which involve distinct facial actions (Ekman and Friesen, 1978) . Further research is needed to evaluate whether this STS activity is related to specific facial actions or ref lects modulation by the amygdala or other limbic structures. Multimodal portions of the STS integrate form and motion through anatomic links with both ventral and dorsal visual areas (Rockland and Pandya, 1981; Desimone and Ungerleider, 1986; Oram and Perrett, 1996) . In turn, the STS is interconnected with the prefrontal cortex in a gradient from ventral to dorsal regions as one proceeds along its rostrocaudal extent (Petrides and Pandya, 1988) . The STS is connected to limbic and paralimbic regions, such as the amygdala and cingulate gyrus, via direct projections (Herzog and Van Hoesen, 1976; Pandya et al., 1981; A maral et al., 1992) and through dorsal frontoparietal and temporopolar interfaces (Barbas and Mesulam, 1981; Cavada and Goldman-Rakic, 1989; Pandya, 1988, 1999; Morecraft et al., 1993) . Components of this frontotemporolimbic circuit, including the medial fusiform gyrus, rostral area 8, medial prefrontal cortex/ventral anterior cingulate gyrus and temporopolar cortex/anterior STS, also distinguished emotion morphs from identity morphs in consort with the posterior STS.
Role of the Inferotemporal Cortex
Dissociable regions within the inferior temporal and fusiform gyri signaled dynamic changes in facial identity versus facial expression -anteriomedial fusiform gyrus for expression changes and posterolateral inferotemporal cortex (inferior temporal gyrus and posterior fusiform gyrus) for identity changes. Anatomically segregated processing was also found across the superior and inferior temporal neocortex for facial affect and identity, respectively. Such regional specificity may account for the variability in performance across these two domains of face recognition in prosopagnosics with varying locations and extents of brain damage (Hasselmo et al., 1989; Humphreys et al., 1993; Haxby et al., 2000) . Portions of the fusiform gyrus exhibited category specificity for fear over anger morphs, perhaps due to modulator y feedback from limbic structures such as the amygdala (Amaral et al., 1992) . Previous imaging studies have shown enhanced fusiform gyrus activity for fearful expressions (Breiter et al., 1996; Sprengylmeyer et al., 1997; Pessoa et al., 2002) . As revealed by connectivity modeling, the amygdala interacts with various sectors along the ventral visual stream during facial affect perception tasks Pessoa et al., 2002) .
Computational models and single-cell recordings in monkeys support a role for the inferior temporal gyrus in neural coding of facial identity independent of facial affect (Hasselmo et al., 1989; Haxby et al., 2000) . Inferotemporal activity in the present study may ref lect dual coding of the identities present within the morph, since this area is hypothesized to participate in the structural encoding of faces (Kanwisher et al., 1997; Allison et al., 1999) . This possibility could be confirmed in electrophysiological experiments with high temporal resolution. Importantly, the morph stimuli were created with smooth transitions between frames and presented at a rate that avoided 'strobing' effects, which potentially engender recoding of each face in successive frames. A lternatively, face processing along the inferotemporal cortex may be subject to attentional modulation. Campbell et al. (Campbell et al., 2001) found greater activity in inferotemporal cortex during viewing of 'meaningless' facial actions (gurning) relative to 'meaningful' facial actions of speech-reading. These authors also postulated an attentional account for their results.
Limitations and Future Directions
The present study was limited in three primar y ways. 
Conclusion
Temporal cues play an important role in the neural coding of facial affect that requires integration between ventrolimbic brain regions sensitive to emotional salience and frontotemporal regions triggered by biologically relevant motion. The role of dynamic information in face perception has been largely ignored by neuroscientists. As noted by Gloor [(Gloor, 1997) , p. 220], 'One only has to think of how much more information the sight of a moving as opposed to an immobile face conveys to realize the importance of such a mechanism'. Many structures implicated in facial affect perception preferred dynamic over static displays, and these regions were dissociated from other brain areas responsive to rapid changes in facial identity. Anatomically segregated patterns of brain activation across temporal, frontal and cingulate cortices provide support for computational models and single-cell recordings in monkeys regarding the partial independence of facial affect and identity processing. The use of an event-related design further ensured that the signal changes were stimulus-driven and not related to potential mood induction across blocks of emotionally valent trials. Adoption of this experimental approach may invigorate new directions of cognitive neuroscience research using interactive stimuli that more closely approximate real-time changes in facial expression relevant for the social communication of emotions.
